Arrhythmia is a cardiovascular disease that can be diagnosed by doctors using an electrocardiogram (ECG). The information contained on the ECG is used by doctors to analyze the electrical activity of the heart and determine the type of arrhythmia suffered by the patient. In this study, ECG arrhythmia classification process was performed using Support Vector Machine based fuzzy logic. In the proposed method, fuzzy membership functions are used to cope with data that are not classifiable in the method of Support Vector Machine (SVM) one-against-one. An early stage of the data processing is the baseline wander removal process on the original ECG signal using Transformation Wavelet Discrete (TWD). Afterwards then the ECG signal is cleaned from the baseline wander segmented into units beat. The next stage is to look for six features of the beat. Every single beat is classified using SVM method based fuzzy logic. Results from this study show that ECG arrhythmia classification using proposed method (SVM based fuzzy logic) gives better results than original SVM method. ECG arrhythmia classification using SVM method based fuzzy logic forms an average value of accuracy level, sensitivity level, and specificity level of 93.5%, 93.5%, and 98.7% respectively. ECG arrhythmia classification using only SVM method forms an average value accuracy level, sensitivity level, and specificity level of 91.83%, 91.83%, and 98.36% respectively.
Introduction
Arrhythmias are disorders of the heart in the form of interference on the frequency, irregularity, place of origin pulse or conduction of electrical impulses in the heart [1] . Arrhythmia is a dangerous disease, so patients need immediate treatment and therapy regularly to prevent a worsening condition [2] . In general, the diagnosis of arrhythmias can only be done by a cardiologist. Along with the development of science and technology, many researchers doing research on the diagnosis of arrhythmias to find a system that can classify arrhythmias more accurately.
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Many researchers have previously raised the topic of arrhythmia classification. Srivastava et al. [3] create an arrhythmia classification system using Fuzzy Sugeno method. The proposed sys-tem is able to categorize an ECG wave to one of thirteen types of arrhythmia. Results from the classification system are consistent with the results of testing by the cardiologist as many as 91 of the 105 data.
Moavenian and Khorrami [4] conducted a comparison using the method of Support Vector Machine (SVM) and Artificial Neural Network (ANN) to classify the six types of arrhythmia among others Right Bundle Branch Block (RBBB), Left Bundle Branch Block (LBBB), Premature Ventricular Beat (PVB), Paced Beat (PB) Premature Atrial Beat (PAB), and Fusion of Paced and normal Beat (FB). The testing process using three assessment criteria includes performance training, performance testing and training time. The results show that SVM is superior in performance training and training time while ANN is superior in performance testing.
Castillo et al. [5] did a comparison between three methods of classification of arrhythmias include Fuzzy K-Nearest Neighbours, Multi-Layer Perceptron with Back Propagation Gradient Descent with momentum, and Multi-Layer Perceptron with Back Propagation Gradient Scale Conjugated. Each method resulted considerable accuracy. After the arrhythmia classification system combined with Fuzzy Mamdani method, it rise the accuracy up to 98%.
From several previous studies, the authors found a solution to make the arrhythmia classification system using SVM method that has proven better for classifying arrhythmias, and combined with fuzzy methods to address data that is not classified. One of the electrocardiogram signal noises that often arise is the Baseline Wander, a condition in which an electrocardiogram signal have movement at low frequencies irregular [6] . So that the system can perform accurate classification electrocardiogram signal, the signal must be free from noise. The solution resulted in higher levels of accuracy.
Methods

Electrocardiogram
Electrocardiogram (ECG) is a representation of a signal generated by the electrical activity of the heart muscle [7] . ECG signal is recorded using an electrocardiograph device. Electrocardiograph devices are medical devices used by patients to measure the electrical activity of the heart by measuring the difference biopotential from the outside into the body. In the medical field, electrocardiograph is used to diagnose some types of diseases related to the heart of which is a heart attack, disease/heart conditions, ischemia, hypertension (high blood pressure). One-piece ECG describes the condition of normal heartbeat consists of one P wave, one QRS complex, and one T wave. Figure  1 shows a schematic representation of normal ECG.
Arrhythmia
Arrhythmia is a change in the frequency of heart rhythm caused by abnormal electrolyte conduction or automatically [1] . Heart rhythm disorder is not confined to the irregularity of the heart rate but also includes the rate and conduction disturbances. Heart rhythm disorder is caused by lack of oxygenated blood supply to the heart muscle, usually arises throbbing sensation that is too slow, too fast, or irregular throbbing pulsations [8] . Based on the type of beat, Association for the Advancement of Medical Instrumentation (AAMI) classifies the arrhythmia into 15 types of beat [9] . This study will classify the six types of disorder's arrhythmias selected from disorders that often appear in the dataset MIT-BIH [10] 
Support Vector Machine
Support Vector Machine (SVM) is a linear classifier method with the predetermined feature set [11] . SVM delivers maximum results while using fewer data training and there is no overlap bet- ween the existing classes [12] . SVM looking for a hyperplane with the largest margin is called Maximum Marginal Hyperplane (MMH) to separate the existing class.
( , , ) is a decision function to determine the MMH can be expressed by equation (1) .
To optimize the equation (1) in order to obtain a maximum margin, quadratic programming optimization is performed using equation (2).
Equation (2) has a constraint such as equation (3), and equation (4).
where α = [α 1 ,α 2 ,….,α l ]T, H is the Hessian matrix notation for H ij = y i y j x i T x j , f is a (l, l) vector, and f = [1 1 …. 1]T. With regard to equation (1), then we used equation (5) and (6) to obtain the value of w, and b are optimal.
where equation (6) is only used on data that has a support vector (α>0).
Support Vector Machine Based Fuzzy Logic
Support Vector Machine (SVM) based fuzzy logic is the development of Support Vector Machine methods to overcome the problems of multiclass. In each class, there will be defined a polyhedral pyramidal decision membership function using function obtained from SVM method for a class pair. SVM method will look for a hyperplane with the largest margin called Maximum Marginal Hyperplane (MMH). The distance between the hyperplane with a side of the margin is equal to the distance between the hyperplane with margin on the other side. If the classification is done in pairs, decision function for class i and j formulated in equation (7).
SVM based fuzzy logic used membership functions to classify areas that cannot be classified by the decision function. Equation (8) shows the membership function m ij .
By using ( ), the membership function x to the class i can be defined using the operator equation (9) .
Equation (8) and (9) are equivalent to equation (10) .
To simplify the calculations, equation (10) can be written into the equation (11).
Furthermore, the data is classified based on the highest membership value according to the equation (12) .
ECG Dataset
The dataset used in this study is the MIT-BIH arrhythmia database published by PhysioNet [10] . 
System Flowchart
System flowchart is divided into two parts, namely the training system flowchart, and testing system flowchart. Training system doing the learning from the training data to find a classi-fication model. The early stage of ECG data processing is the baseline wander removal process on the original ECG signal using Discrete Wavelet Transformation (TWD). The ECG signal is clean from the baseline wander will be segmented into units beat. The next stage is to find six features of the beat, and every single beat is classified using SVM method based fuzzy logic. Researchers added fuzzy membership function in SVM method to solve the problem of classified data when using Support Vector Machine (SVM) one-against-one. Figure 3 shows the training system flowchart. The testing system created a prediction based on testing data processing to get the classification results, and continued by analyzing the classification results. Figure 4 shows the testing system flowchart.
Baseline Wander Removal
Baseline Wander is a condition when the ECG signal is shifted up or down to the isoelectric line (line axis). To overcome the noise, the researchers conducted the Baseline Wander Removal using Transform Wavelet Discrete method [6] .
The original signal is decomposed using the Transform Wavelet type Daubechies order 4. The system calculated the energy value at a high-frequency signal and found the conditions in which 
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the value of decomposition level is lower than the value of decomposition level before. Furthermore, the system performed approximation signal reconstruction of this level by removing the value of the high-frequency signal. Figure 5 shows the Baseline Wander Removal flowchart.
Beat Segmentation
In this stage, the ECG signals segmented into each beat. This process used additional annotation file to locate the position of the R-wave peaks. Assuming the width of each beat is done by positioning the peak of R as a pivot for each beat [8] . Early signals are sliced starting from the position of R-150 to R-149, so we get as many as 300 samples of beat data. Figure 6 shows the beat segmentation flowchart.
Feature Extraction
Feature extraction is the process of detection characteristics of the electrocardiogram that is used as an input variable in the classification process. The process consists of several steps as shown in Figure 7. This process begins by determining the Rwave peaks on the signal segmentation results, and then continued found for the wave that is P, Q, S and T. After all waves found, then continued to characterize the one beat of ECG signal. These include the QRS duration, QRS morphology, P wave height, RR interval, RRI ratio, and T wave height.
Training Process
SVM based fuzzy logic training process used the same training process with SVM one against one method, and build ( − 1)/2 parts of the binary classification model (k is the classes number). Each classification models is trained using data from two classes. For classroom training data to class i and class j, the system will solve the problems with the 6 classes by finding 15 separator functions as follows:
So that the data can be separated linearly, this system uses Radial Basis Function (RBF) kernel ( , ) = (
To obtain a solution or the separation of these two classes, this system using quadratic programming. Result of 
End sub
Determine the QRS duration, QRS morphology, PR wave height, RR interval, RRI ratio, and T wave height QRS duration, P high, RR interval, RRI ratio, QRS morphology, and T high quadratic programming are w, x, and B that used for the testing process. The flowchart for the stages of the training process can be seen in Figure 8 .
Classification Process Using SVM based fuzzy logic
A common strategy in the testing process using one-against-one SVM method is max-voting [9] . Based on this strategy, if the representation of a data on the hyperplane Dij(x) is in class i, then voting added one for the class i. Otherwise, if the representation of a data on the hyperplane D ij (x) is in class j, then voting added one for the class j. These steps are repeated for all hyperplane. Then, system predicted x is in a class where, based on the value of the highest voting. In cases where there are two classes with the same voting value, then selected the smallest index value, the process is arguably less effective. To resolve with the data that is not classifiable, this study used the membership function according to the equation(11) using mi(x). The data x are classified based on the highest membership value according to the equation (12) . Flowchart for the stages SVM based fuzzy logic method can be seen in Figure 9 .
Results and Analysis
Evaluations of the classification results of the arrhythmia abnormalities consisted of two scenarios, among others, using the original SVM, and proposed method (SVM based fuzzy logic). This study used 600 testing data, which consisted of each 100 Normal Beat (NB) data, 100 Left Bundle Branch Block Beat (LBBB) data, 100 Right Bundle Branch Block Beat (RBBB) data, 100 Premature Ventricular Contraction (PVC) data, 100 Atrial Premature Beat (APB) data, and 100 Paced Beat (PB) data. Then the results are compared based on three measures among others accuracy, sensitivety, and specificity. Experimental results of classification using SVM method [4] can be seen in Table 1 . The classification system using SVM method has average specificity value of 98.36%. From Table 1 , we can calculate the overall accuracy value of 91.83%, the sensitivity average value of 91.83%, and the average specificity value of 98.36%.
Scenario 2: Classification using Proposed Method
Experimental results of classification using proposed method (Support Vector Machine based fuzzy logic method) can be seen in Table 2 . Experiments scenario 2 uses the same dataset as that used in scenario 1. The classification system of classification using proposed method has average specificity value of 98.7%. From Table 2 , we can calculate the overall accuracy value of 93.5%, the average sensitivity value of 93.5%, and the average specificity value of 98.7%. These results indicate that the arrhythmia classification system uses proposed method deliver performance values of accuracy, sensitivity, and specificity higher than the arrhythmia classification system using the original SVM method. This is because the use of fuzzy membership functions can cope with the data that is not classifiable in one against one Support Vector Machine method.
Conclusion
From the results of experiments and calculations, it can be concluded that the use of support vector machine based on fuzzy logic methods for classification system abnormalities on ECG arrhythmia delivered performance with an accuracy level of 93.5%, the sensitivity of 93.5% and specificity of 98.7%. The result is higher when compared with the use of Support Vector Machine method with 
